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Abstract 
 The anisotropy of the delayed fluorescence in a magnetic field of paraterphenyle crystal at 300°K is analysed 
using Suna's theory. For the first time a thorough comparison of the experimental results and Suna's theory has 
been made in a molecular crystal other than anthracene. We demonstrate that a reasonable fit can, however, be 
obtained if spin relaxation is properly taken into account. 
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1. Introduction  
  The dynamics of triplet excitons in organic crystals 
as well as their mutual interaction has been the 
subject of a great deal of theoretical and experimental 
investigation [1-3]. It has been established that the 
fusion of two triplet excitons can decay radiativly at 
the room temperature in the singlet exciton, providing 
a delayed fluorescence. 
   The modulation of the fluorescence by magnetic 
field is a powerful tool in order to study the motion of 
free triplet excitons and to obtain the probabilities of 
formation and dissociation of triplet pairs. Since the 
first discovery of magnetic field effect on the triplet-
triplet delayed fluorescence in anthracene, two 
theoretical approaches have been published, one by 
Johnson and Merrifield [4] and one by Suna [5]. 
   Recently, a new approach [6],  has been proposed in 
order to interpret these interactions in the case of 
paraterphenyle. This approach is based on a 
continuum model, in which excitons are treated as 
point particles obeying an isotropic diffusion 
equation. 
   According to this model, exact analytic results can 
be performed. Moreover, this approach turns out to be 
a good approximation to more precise microscopic 
view. However, it was well established that the 
motion of exciton in molecular crystals at room 
temperature was dominated by a jump's mechanism 
and was described by a hopping model. 
   In this present paper, we use Suna's theory based on 
a mechanism of transport. This theory has been 
successfully applied for studying the magnetic field 
effects via the delayed fluorescence in anthracene and 
tetracene crystals [7]. 
It points out, explicitly the importance of the 
dimensionality of triplet motion and describes the 
fusion process by density matrix formalism. 
 
2. Theoretical model 
   In this paper, we focus on systems in which exciton 
motion is described by hopping model. 
In the limit, when bimolecular annihilation is 
neglected compared to uni-molecular decay, the 
motion equation of the pair density matrix has the 
form ( in the steady- state limit) [8]. 
i[H(R), ρ ( , )
r
R t ]=
( ) ( ) ( )




























































   (1) 
 where ρ(R)  is the density matrix                                     
ψ (R) is the incoherent jump rate for an exciton 
hopping by a lattice vector R          
H(R) is the exciton spin Hamiltonian (we have set h  
=1). During our study we assume that this 
Hamiltonian is a function only of the exciton 
separation, i.e. that the single exciton spin 
Hamiltonian is spatially uniform. This assumption 
should be valid whenever the exciton hopping rate is 
rapid compared to the spin relaxation rate, for then, 
the moving exciton will experience the average of the 
spin Hamiltonians associated possibly in equivalent 
crystal sites [9].  
Let us express Eq. (1) in a basis of even spin states 
{ }l  wich diagonalizes H  with eigenvalues lE , 
then : 
i<l|[H, ρ ( )
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 Choosing a such bases, allowed us to introduce the 
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 In order to get explicit analytical results, further 
approximation, namely smooth approximation, is 
made by assuming that both g (R) and ρ (R) can be 
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replaced by g ( R ) and ρ ( R ) for all R.  Therefore, 
the annihilation rate is given by:  
( )[ ]γ λ ρs s s fu sn v T r P R
2 1= ,                  (4) 
or again  γ λs sv A= ∑
1
9 ll
,                      (5) 
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where the function G is defined as :   
















. By multiplying the 
two members of (7) by S l ' , and by summing 
over all indices l ' , we obtain the following equation's 
system: 
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 In general, equation Eq. (9) can, be solved only 
numerically.  
 
3.  Results and discussions 
 The experimental results have shown the 
dependence of delayed fluorescence on the strength 
and on the orientation of the magnetic field [10].                         
To analyze these experimental observations, we have 
tested Suna's theory, adapted to paraterphenyle 
crystal and where the motion of exciton is assumed to 
be bi-dimensionnal.                                                     
 As seen in Fig. 1, a comparison of experimental 
and theoretical magnetic field strength dependence of 
the delayed fluorescence, shows an overall correct fit 
for essential features. H
r
: is the magnetic field vector 
and c
r
' is the vector parallel to ba
rr
∧  with 
magnitude equal to the distance between (ab) planes. 
In the literature, only a few data concerning the 
transport mechanism in paraterphenyle have been 
found. The measurements of the diffusion tensor [8] 
suggest a bi-dimensional motion of exciton and an 
isotropic diffusion in the (ab) plane ( Dbb/ Daa≅ 4).  
Fig. 2 shows the anisotropy of a high magnetic (6KG) 
field effect on the delayed fluorescence at room 
temperature in the crystallographic planes (ab), (ac') 
and (bc') respectively. Our calculations, predict in 
these crystallographic planes  identical results exactly 
on resonance, and also far from resonance.  
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Figure 1: Variation of delayed fluorescence intensity 
with magnetic field strength, applied in the (ac') 
plane. 
 As seen in Fig. 2, we obtain a good fit of the 
anisotropy effect in (ac') and (bc') planes. 
However, these calculations do not explain the " 
antiresonance" shown experimentally. Therefore, a 
quantitative agreement between theory and 
experiment in the (ab) plan cannot be reached. 
In Fig. 3, we compare the experimental results of the 
anisotropy of delayed fluorescence in (bc') plane to 
the results obtained from the Suna's theory and 
Johnson-Merrifield  theory [10]. From this figure, we 
see that the suna's theory approaches more to the 
experience.   
   The best fitting of the parameters λ (interaction 
rate), ψin (hopping rate in the plan), β (decay rate) and  
Din(diffusion coefficient in the plan) is given in Table 
1.  
λ   (s-1)        β    (s-1) ψin   (s-1) Din (cm
2/s) 
  3.6 109   0.9 108   1.38 1010   0.8 10-5 
Table 1 :  Used parameters for the best fit to 
experimental curves. 
 
To improve the agreement between the experience 
and the theory we have extended Suna's approach [5] 
in which the contribution of spin relaxation has been 
involved. The calculation of annihilation rate 
becomes considerably more complex when spin 
relaxation is included, since relaxation causes in 
coherent transition among the various spin states 
which are stationary with respect to the spin 
Hamiltonien H. According to Suna calculations 
developed in the appendix C of Réf. [5]; and adapted 
to the paraterphenyle case, a better fit has been 
reached as shown in Fig. 4. However, we find that it 
is not possible in our calculations to achieve a perfect 
fit with parameters of Table 2. 
λ (s-1)      β (s-1)     ψin (s-1)    Din(cm
2/s)
4.5 10 9       2 10 8      9 10 9   0.8 10-5 
Table 2 . The parameters used in Suna's theory with 
spin relaxation. 
 
L. Hachani et al, Phys. Chem. News 1 (2001) 31-33 
 
33














Orientation of  magnetic field ( θ degrees)













Orientation of magnetic field ϕ ( degrees)
 














Orientation of magnetic field ( θ  degrees)
 
 
Figures 2 : Anisotropy of high static magnetic field  
( 6000 G) effect on delayed fluorescence in (ab), (bc') 
and (ac') planes of paraterphenyle crystal at 300 K. 
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Figure 3 : Anisotropy of high static magnetic field  
(6000 G) effect on delayed fluorescence in (bc') plane 
of paraterphenyle crystal at 300 K.  
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Figure 4 : The fit of magnetic feld anisotropy effect 
on delayed fluorescence using the contribution of 
spin relaxation in (ab) plane. 
 
4. Conclusion 
   In this paper, we have confined our attention to 
describe the exciton motion in paraterphenyle crystals 
by means of the so-called hopping model. 
   We have endeavored that Suna's theory, which has 
been successfully, tested in tetracene and antracene 
molecular crystals remains entirely valid in 
paraterphenyle, if anisotropic spin relaxation is 
properly taken into account. 
   Moreover, we have tried to emphasize the roles of 
spin relaxation and dimensionality of the exciton 
motion in the kinematics of triplet annihilation. 
   The quantitative agreement of theory and 
experiment seems to be not completely perfect. We 
think that the slight disagreement should be attributed 
to the miss-precision of some physical parameters 
such as D and ψ. 
   Optical detection magnetic resonance (ODMR) 
experiences are in progress in our laboratory in order 
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